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1
RESIST PATTERN CALCULATION METHOD
AND CALCULATION PROGRAM STORAGE
MEDIUM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a resist pattern calculation
method and a calculation program storage medium.

2. Description of the Related Art

In a lithography process, a resist pattern is formed by an
exposure process in which light from a reticle pattern is
projected onto a resist by a projection optical system to
expose the resist to light, and a development process in
which the exposed resist is developed. A resist pattern
having a desired shape is desirably transferred and formed
on the wafer. However, due to, for example, the optical
proximity effect (OPE) and low k1, a resist pattern having a
desired shape cannot be transferred onto the wafer in prac-
tice. This is one factor which deteriorates the device char-
acteristics. Therefore, to improve the device characteristics,
it is necessary to calculate the shape of a resist pattern.

To calculate a resist pattern, Japanese Patent Laid-Open
No. 08-148404 discloses a method of calculating a resist
pattern from a light intensity distribution obtained by con-
voluting a light intensity distribution computed based on an
optical image. In the technique described in Japanese Patent
Laid-Open No. 08-148404, the light intensity distribution of
the optical image is convoluted using various variance
values (to be referred to as diffusion lengths hereinafter) to
obtain a diffusion length close to that obtained in the
exposure result. In the technique described in Japanese
Patent Laid-Open No. 08-148404, a diffusion length
obtained in the modeling result is then applied to calculation
of the convolution integral of the light intensity distribution
of a pattern to be calculated, thereby calculating the size of
a resist pattern.

Unfortunately, it is difficult for the prior art technique
described in Japanese Patent Laid-Open No. 08-148404 to
calculate the size of a resist pattern with high accuracy. The
inventor of the present invention examined the cause of this
difficulty, and concluded that with the current tendency
toward low k1, a method of mathematically convoluting a
light intensity distribution computed based on an optical
image cannot represent the diffusion phenomenon of an acid
in a resist with sufficiently high precision. This is for the
following reason. FIG. 1 is a schematic view of a chemical
reaction produced during exposure in a chemically amplified
resist. During exposure, in a region with a high light
intensity (bright region), an acid (H™) in the resist sequen-
tially undergoes a chain reaction with a resist polymer. In
contrast to this, in a region with a low light intensity (dark
region), the acid (H*) is neutralized with a base (OH")
contained in a quencher. That is, the behavior of the acid
differs depending on the magnitude of the intensity of
exposure light (whether the region of interest is bright or
dark). The prior art technique described in Japanese Patent
Laid-Open No. 08-148404, in which the optical image is
convoluted in the same mathematical form regardless of the
magnitude of the light intensity, does not take into consid-
eration the above-mentioned behavior of the acid.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
the above-mentioned situation, and provides a technique of
improving the calculation accuracy of a resist pattern.
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The present invention in its one aspect provides a record-
ing medium storing a program for causing a computer to
execute a method of calculating a resist pattern formed on a
substrate by exposing the resist to light via a pattern of a
reticle and a projection optical system, and developing the
exposed resist, the method including: a first step of calcu-
lating a light intensity distribution of an optical image
formed on the resist, based on the pattern of the reticle and
an exposure condition; a second step of convoluting, using
a first diffusion length, the light intensity distribution cal-
culated in the first step; a third step of calculating a repre-
sentative light intensity for a point, that is representative of
light intensities in a region which has a predetermined size
and includes the point defined within a plane of the resist,
using the light intensity distribution calculated in the first
step or the light intensity distribution convoluted in the
second step; a fourth step of correcting the light intensity
distribution convoluted in the second step by adding, to the
light intensity distribution convoluted in the second step, a
correction function including a first function given by:

{Z (aM)}exp(—aJ)

k=0

where J is the distribution of the representative light inten-
sity, a, and o are constants, and n is a natural number; and
a fifth step of calculating the resist pattern based on the light
intensity distribution corrected in the fourth step, and a slice
level set in advance.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a chemical reaction pro-
duced during exposure;

FIG. 2 is a block diagram showing the configuration of a
computer which calculates a resist pattern;

FIG. 3 is a flowchart of length measurement by an SEM;

FIG. 4 is a flowchart for determining a correction func-
tion;

FIG. 5 is a view for explaining a reference pattern and its
target size and evaluation position;

FIG. 6 is a graph for explaining SEM edges;

FIG. 7 is a map for explaining a representative light
intensity J;

FIG. 8 is a graph for explaining extraction of a represen-
tative light intensity Jszaz.... on the SEM edge;

FIGS. 9A to 9D are graphs for explaining a reduction in
evaluation function in modeling patterns for use in model-
mg;

FIG. 10 is a flowchart of a resist pattern calculation
method;

FIG. 11 is a view of reticle patterns used in modeling;

FIGS. 12A and 12B are graphs showing the light intensity
distribution of an optical image, and the representative light
intensity distribution, respectively;

FIGS. 13A and 13B are graphs showing the representative
light intensity distributions of patterns having different space
sizes and line sizes, respectively;

FIG. 14 is a graph showing a correction function;

FIG. 15A is a graph illustrating an example of the
relationship between the light intensity 105z, and the
space size;
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FIG. 15B is a graph illustrating an example of the
relationship between the representative light intensity Jg.-
Medge and the space size;

FIG. 15C is a graph illustrating an example of the
relationship between the correction function {(Jszas.) and
the space size;

FIG. 15D is a graph illustrating an example of the
relationship between the light intensity Igzp/.4. and the
space size;

FIG. 16 is a graph showing the relationship between the
light intensity Kz 4. and the duty;

FIGS. 17A to 17C are graphs showing the light intensity
distributions of the reference pattern before and after cor-
rection; and

FIG. 18 is a graph showing a comparison between cal-
culation errors of resist patterns in the prior art technique and
an Example of the present invention.

DESCRIPTION OF THE EMBODIMENTS

In an embodiment of the present invention, a resist pattern
formed on a substrate by projecting an image of the pattern
of a reticle onto the resist by a projection optical system to
expose the resist to light, and developing the exposed resist
is calculated using a simulator. FIG. 2 shows the configu-
ration of a computer equipped with this simulator. This
computer includes a CPU 101, a recording medium 102
which stores programs and data, a main memory 103, an
input device 104 such as a keyboard or a mouse, a display
apparatus 105 such as a liquid crystal display, and a readout
apparatus 106 which reads a recording medium 107. All of
the recording medium 102, main memory 103, input device
104, display apparatus 105, and readout apparatus 106 are
connected to the CPU 101. In this computer, the recording
medium 107 which stores a program for calculating a resist
pattern is mounted in the readout apparatus 106. The CPU
101 reads out the program from the recording medium 107,
stores it on the recording medium 102, and executes it,
thereby modeling and calculating a resist pattern. A resist
pattern is modeled by comparing the measurement result of
the critical dimension (CD) obtained by a scanning electron
microscope (SEM) in an evaluation portion on a wafer
exposed by an exposure apparatus, and the calculation result
of this critical dimension obtained by the simulator. Also, a
resist pattern is calculated by applying its modeling result to
optical simulation to calculate an image of a reticle pattern.

FIG. 3 is a flowchart of length measurement by an SEM.
In step S201, the exposure conditions such as the NA, the
amount of exposure, the illumination shape, and the type of
resist in exposure are determined. In step S202, a resist on
a substrate (wafer) is exposed to light by an exposure
apparatus under the exposure conditions determined in step
S201. In step S203, the resist exposed in step S202 is
developed by a developing apparatus. In step S204, length
measurement of the resist pattern developed in step S203 is
performed using an SEM.

FIG. 4 is a flowchart showing modeling of a resist pattern.
In step S301, a plurality of reticle patterns for use in
modeling are set. In step S302, a reference pattern, to be
selected from the plurality of reticle patterns set in step
S301, and its target size and evaluation position are deter-
mined. For example, FIG. 5 is a view for explaining a target
size and evaluation position for a reference pattern, and a
line-and-space pattern having a given pitch is selected as the
reference pattern from a plurality of reticle patterns, and the
light-shielding portion at the center of the pattern is set as the
evaluation position. Also, a value measured by, for example,
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4

an SEM at the set evaluation position is input as the target
size. The input target size is to be used in step S305. In step
S303, the simulator calculates the light intensity distribution
of an optical image, which is formed on the resist based on
the exposure conditions, for each of the reticle patterns for
use in modeling, which are set in step S301 (first step). In
step S304, the simulator convolutes the light intensity dis-
tributions of the optical images using a given diffusion
length. In step S305, the simulator sets a slice level (an
intensity in CD calculation) based on the target size and
evaluation position of the reference pattern, which are
determined in step S302. Note that a slice level may sepa-
rately be set in advance. In step S306, the simulator calcu-
lates the CDs of the patterns for use in modeling, based on
the slice level determined in step S305.

In step S307, the simulator compares the root-mean-
square (RMS) value of the differences between the results of
the CDs of the patterns for use in modeling, which are
calculated in step S306, and those of the CDs of the patterns
for use in modeling, which are measured by the SEM in step
S204. In step S308, the simulator changes the diffusion
length set in step S304. The simulator then returns the
process to step S304, and repeats steps S304 to S307. In step
S309, the simulator determines a diffusion length at which
the RMS difference minimizes, among those obtained in the
calculation results by repeating steps S304 to S307. In step
S310, the simulator calculates the light intensity distribution
obtained by convolution using the diffusion length (first
diffusion length) determined in step S309 (second step). The
diffusion length (first diffusion length) determined in step
S309 is, for example, 50 nm or less. The light intensity
distribution calculated in step S310 will be referred to as the
light intensity distribution before correction hereinafter. In
step S311, the simulator extracts a light intensity 105547,
before correction. SEM edges will be described herein with
reference to FIG. 6. The edges of the exposed resist can be
detected based on a change in signal intensity of secondary
electrons when this resist is measured by an SEM, as shown
in FIG. 6. The SEM edges mean the coordinates of the two
edges of the resist to be measured, as shown in FIG. 6. Also,
105217044 18 the light intensity on the SEM edges, which is
calculated by the simulator.

In step S312, the simulator calculates the value of a
representative light intensity from the light intensity distri-
bution computed based on the optical image (third step).
FIG. 7 shows one of the resist patterns set in step S301.
Referring to FIG. 7, a representative light intensity J that is
representative of the light intensities in a region which has
a predetermined size and includes a point on a line defined
within the plane of the resist is calculated for each of points.
Referring again to FIG. 7, the region used to calculate a
representative light intensity is a circle having a radius of X
nm and each point as its center. This calculation operation is
performed for all points on that line. Although the minimum
value of the light intensity is calculated as the representative
light intensity J in this embodiment, the representative light
intensity J is not limited to the minimum value of the light
intensity, and may be its maximum value, its average value,
or a combination thereof within the region. The representa-
tive light intensity J may be a value neighboring the mini-
mum value. The range X in which the representative light
intensity J is to be calculated is desirably at least equal to or
wider than a minimum line width.

Assuming an ArF immersion exposure apparatus having
k1=0.25, the minimum line width is 35 nm, so the informa-
tion of at least a range equal to or wider than this minimum
line width must be calculated. Hence, when a certain plotted
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point is assumed as the center of the range X, the range X
is desirably 17 nm, that is, approximately half of the
minimum line width or more. Also, a quencher is less likely
to exert an influence on a range exceeding 1 pm, so the range
X is desirably 1 pm or less. In summary, the range X is
desirably 17 nm (inclusive) to 1 pm (inclusive). An example
of the calculated distribution will be described later in
reference to an Example. The shape of the region used to
calculate the representative light intensity J shown in FIG. 7
is a circle. However, the shape of this region is not limited
to a circle, and may be, for example, a square because many
device structures have quadrangular shapes. If the shape of
the region used to calculate the representative light intensity
J is a square, this square can be 34 nm (inclusive) to 2 um
(inclusive) on each side. Also, although a representative
light intensity is calculated from a light intensity distribution
computed based on an optical image in this embodiment, the
representative light intensity J may be obtained by convo-
Iuting a light intensity distribution, computed based on an
optical image, using an arbitrary diffusion length.

In step S313, the simulator extracts a representative light
intensity Jgzaz... 0n the target SEM edges, as shown in FIG.
8, based on the distribution of the representative light
intensity calculated in step S312. In step S314, the simulator
models coefficients for a correction function to determine
the coeflicients. In determining the coefficients, the light
intensity 10gzy,,,. before correction on the SEM edges
extracted in step S311, and the representative light intensity
Jserteag. Obtained in step S313 are used. The simulator
determines a correction function including a first function
having the representative light intensity Jgzas. 4. as a vari-
able, and adds it to the light intensity 10gz4/.,,., thereby
correcting the light intensity 10,/ ... before correction on
the SEM edges (fourth step). At this time, a correction
function {(Jszaz,..) Tor the light intensity on the SEM edges
is given by:

n D
S (UsEMedge) = {Z (a Jé‘EMgdgg)}exp(_a/\]SEMedge)

k=0

where a, and o are constants, and n is a natural number. Note
that in this equation, constraints f{Jszazeie0)sszrrodge—0=0
and U szrre e rsErseage— =0 are given for the sake of easy
calculation of the constants a, and .. In equation (1), not all
of the constants a, and o are simultaneously zero. Therefore,
the correction function f{Jgzrzeye.) in this embodiment is
generally the product of an exponential function and a
polynomial having the representative light intensity Jszaz 7z
as a variable. However, if the constants a, are all zero (that
is, the constant o is not zero), the correction function
T serseage) 1 €xpressed as an exponential function having
the representative light intensity Jgzas .0, @ @ variable. In
contrast, if the constant c is zero (that is, at least one of the
constants a, is not zero), the correction function f{Jszaz..)
is expressed as a polynomial having the representative light
intensity Jgzaz .. @ a variable.

Using equation (1), a light intensity s, after correc-
tion on the SEM edges is given by:

@

When the constants a, and o are fixed, the light intensity
Lszrseage after correction can be determined using equation
(2), so the light intensity on the SEM edges can be calculated
for each pattern. Let Ipgepzeqe. be the light inte.nsity. after
correction, and lagzy,, ... be the average of the light inten-
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sities Ipgzazoaqe after correction for this pattern. Then, an
evaluation function C is defined, using the light intensity
Ipserreaqe and the average lagzyz, 4., as:

a4 ¥ (3)
q

where Ipseasage a1 09 Ipszaroage o are the light intensities
on the SEM edges when the resist is exposed to light at two
different amounts of exposure d, and d,. The first term of the
right-hand side of equation (3) represents the sensitivity to
the pattern, and its second term represents the sensitivity to
the amount of exposure. Although the light intensities
Lszrseage at the two different amounts of exposure are used in
this embodiment, more than two amounts of exposure may
be used. The coefficients a, and a in modeling are set such
that the value of the evaluation function C presented in
equation (3), for example, minimizes. The coefficients a, and
o when the value of the evaluation function C minimizes can
be determined by, for example, the quasi-Newton method
that can be implemented by, for example, a solver such as
Excel. An example of the calculation of coefficients and the
relationship between the correction function f (Jszp.q.) and
the representative light intensity Jgzaz... based on the
calculated coefficients will be described later in reference to
the Example.

The meaning of a reduction in value of the evaluation
function C will be explained below. FIG. 9A is a graph
showing the relationship between the type of pattern and the
light intensity 10gz,4,.- From a different viewpoint, the
relationship shown in FIG. 9A means that an actual mea-
surement result can be predicted as long as a slice level is
determined for the value of the light intensity 10z, 4, for
each pattern. As can be seen from FIG. 9A, the value of the
light intensity 10z, 4. varies in each individual pattern.
This variation means that when the CD is calculated upon
determining a given slice level, this variation is so consid-
erable that the prediction error of a resist pattern is large, that
is, prediction is inaccurate. FIG. 9C is a graph showing the
light intensity Iszaz . on the SEM edges after correction on
the ordinate, and shows an ideal form when the variation in
light intensity [0szsz, . shown in FIG. 9A is corrected by
summing up the amounts of intensity correction using a
correction function having the representative light intensity
Jserteage Shown in FIG. 9D as a variable. As shown in FIG.
9C, when the variation in light intensity lgzyq.. after
correction can be canceled, and the CD is calculated upon
determining a slice level in this state, the prediction error of
a resist pattern can be eliminated, that is, a resist pattern can
be calculated accurately. This explains the meaning of a
reduction in value of the evaluation function C. However, in
practice, it is difficult to cancel the variation in light intensity
Lszrteages @ shown in FIG. 9C. Hence, it is realistic to make
the variation in light intensity Igzas..,. after correction
smaller than that before correction shown in FIG. 9A so as
to reduce the prediction error, as shown in FIG. 9B. In the
above-mentioned way, a correction function having the
representative light intensity Jgz,. ... as a variable is used to
perform modeling which takes into account the magnitude
of the intensity of exposure light. Also, each coeflicient
value may be determined using an optimization method such
as the downhill simplex method such that the value of the
evaluation function C expressed as the root-mean-square
value of the differences between the line widths of patterns

2
c (IpSEML,dgL, —IHSEMedge] N Psensedgeds
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to be modeled and those of resist patterns obtained by
exposure processing falls within a tolerance.

To take into account the influence of a flare, not only a
function (first function) describing the representative light
intensity, but also that (second function) describing a light
intensity distribution obtained by convolution using a sec-
ond diffusion length larger than the first diffusion length set
in step S309 may be included in the correction function
(sixth step). The flare is stray light generated due to, for
example, undesirable reflection and scattering by a lens of
the exposure apparatus. The light intensity distribution
obtained by convolution using the larger diffusion length
physically represents the duty (the ratio of white to black).
An example of this representation will be clarified in the
Example below. In this case, letting Kzpz 4. be the light
intensity on the SEM edges in the distribution obtained by
convolution using the larger diffusion length, the correction
function is given by:

u (C]
FUsEredges Kserredge) = {Z (ard é‘EMedge)}eXp(_w‘]SEMedge) +
=0

{Z (by KfVEMgdgg)}eXP(—ﬁKSEMedge)

=0

where b, and f§ are constants, and m is a natural number.
Also, the light intensity distribution after correction is

given by:

s

K EM-e ) (5)

The second diffusion length used to calculate the variable
K in the second correction function falls within the range of
50 nm (inclusive) to 200 um (inclusive), on which a flare
exerts an influence. A method of calculating a resist pattern
using a correction function will be described next with
reference to FIG. 10. In step S401, not only the patterns for
use in modeling, shown in the flowchart of FIG. 4, but also
reticle patterns to which the modeling result is to be applied
are set. In step S402, the simulator calculates the light
intensity distribution of an optical image, which is formed
on the wafer, not only for each of the reticle patterns used in
modeling in step S401 in the flowchart shown in FIG. 4, but
also for each of the set reticle patterns (first step). In step
S403, the simulator convolutes the light intensity distribu-
tions, calculated in step S402, using the first diffusion length
determined in step S309 (second step). In step S404, the
simulator calculates the distribution of the representative
light intensity Jgzzeqe. from the light intensity distributions
calculated in step S402 (third step). In step S405, the
simulator calculates the light intensity Igzy,. 4. after correc-
tion, using the correction function determined in step S314
of'the flowchart shown in FIG. 4 (fourth step). The simulator
uses the light intensity on the SEM edges in modeling,
which is applied to data of the entire light intensity distri-
bution when the modeling result is applied. That is, the
coeflicients determined in step S314 are substituted into
relations presented in equations (1) and (2), and the obtained
relations are applied to all plotted points. An example of a
comparison between the light intensity distributions before
and after correction will be described later.

In step S406, the simulator sets a slice level corresponding
to the evaluation position of the pattern to serve as a
reference in the light intensity distribution after correction of
the reticle pattern to which the modeling result obtained in
step S405 is to be applied. In step S407, the simulator
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calculates the CD of a reticle pattern to which the modeling
result is to be applied, based on the distribution of the light
intensity Igzaz... corrected in step S405, and the slice level
set in step S406, thereby calculating a resist pattern (fifth
step). This makes it possible to calculate a resist pattern with
higher accuracy than in the prior art technique. A compari-
son between the prior art technique and the present invention
upon applying the modeling result will be described in later
in reference to the Example.

EXAMPLE

The Example in the above-described embodiment will be
described. In step S301, a plurality of reticle patterns for use
in modeling are set. FIG. 11 is a schematic view of patterns
used. In pattern A, all bars have a length W=5 um. Although
pattern A has three lines in FIG. 11 for the sake of simplicity,
it has 17 lines in practice. Also, pattern A has lines and
spaces which are periodically arranged in the full field of
pattern A, and the central line as an evaluation portion
among the 17 lines. Twenty-five types of patterns A are
obtained by defining different combinations of lines and
space sizes. In pattern B, all bars have a length W=2 um.
Although pattern B has three lines in FIG. 11 for the sake of
simplicity, it has nine lines in practice. Also, pattern B has
lines, spaces, and gaps which are periodically arranged in
the full field of pattern B, and the central line as an
evaluation portion among the nine lines. Eight types of
patterns B are obtained by defining different combinations of
line, space, and gap sizes. Pattern C is a reticle pattern
obtained by inverting the light-shielding portion and light-
transmitting portion of pattern B. Pattern C employs the
same size definition as pattern B, and five types of patterns
C are used. FIG. 18 describes actual sizes. Although the
above-mentioned total of 38 types of patterns are used in this
Example, the types of patterns, the lengths and number of
bars of these patterns, and the sizes of lines, spaces, and gaps
of these patterns are not limited to patterns having the
above-mentioned numerical values.

In step S302, a reference pattern to be selected from the
plurality of reticle patterns set in step S301, and its target
size and evaluation position are determined. The reference
pattern means herein a pattern used to determine the amount
of exposure on a reticle pattern. In this Example, the 50-nm
line-and-space pattern shown in FIG. 11 is determined as the
reference pattern. In step S303, the simulator calculates the
light intensity distribution of an optical image, which is
formed on the wafer, for each of the reticle patterns for use
in modeling, which are set in step S301. In step S304, the
simulator convolutes the light intensity distributions of the
optical images using a given diffusion length. In step S305,
the simulator sets a slice level. In this Example, the slice
level is set to a light intensity (amount of exposure) which
matches the actual size of the central bar in the reference
pattern. In step S306, the simulator calculates the CDs of the
various patterns based on the slice level determined in step
S305. In step S307, the simulator compares the RMS
(root-mean-square) value of the differences between the
results of the CDs of the patterns for use in modeling, which
are calculated in step S306, and those of the CDs of the
patterns for use in modeling, which are measured by the
SEM in step S204. In step S308, the simulator changes the
diffusion length set in step S304. The simulator then repeats
steps S304 to S307. In this Example, calculation is repeat-
edly done by changing the diffusion length within the range
of 50 nm or less. Note that the sequence until measurement
by the SEM is the same as in the flowchart shown in FIG.
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3. Also, exposure is done using annular illumination having
an NA of 1.35 and an annular zone ratio of 0.90/0.72, and a
wafer on which a 39-nm BARC, a 42-nm TARC, a 90-nm
resist, and a 35-nm top coat are formed in turn from the
wafer side.

In step S309, the simulator determines a diffusion length
at which the RMS value of the difference minimizes. In this
Example, this diffusion length is 19.3 nm. In step S310, the
simulator calculates the light intensity distribution before
correction obtained by convolution using the diffusion
length determined in step S309. In step S311, the simulator
extracts a light intensity 10gzy,, 4. before correction on the
SEM edges. In step S312, the simulator calculates the
minimum value J of the light intensity in the peripheral
region as a representative light intensity from the light
intensity distribution computed based on the optical image.
In this Example, the minimum value of the intensity of
ambient light is extracted from the light intensity distribu-
tion computed based on the optical image. FIG. 12A shows
the light intensity distribution in a portion indicated by a line
defining the central portion of the bars in the reference
pattern, as shown in FIG. 7. Also, FIG. 12B shows the
distribution of the light intensity J obtained by extracting the
minimum value of the light intensity within a region which
has a radius of 300 nm and falls within the range of 17 nm
(inclusive) to 1 um (inclusive) on that line. FIG. 13A
illustrates an example of the result of executing the method
as mentioned above for patterns for use in modeling, which
are obtained when the line size is fixed at 80 nm and the
space size is changed. FIG. 13B illustrates an example of the
result of executing the method as mentioned above for
patterns for use in modeling, which are obtained when the
space size is fixed at 80 nm and the line size is changed. As
can be seen from FIGS. 13A and 13B, the possible range of
light intensities J differs depending on the line size (the size
of the light-shielding portion).

In step S313, the simulator extracts a representative light
intensity Jgzpzq. On the target SEM edges, based on the
distribution of the representative light intensity calculated in
step S312. In step S314, the simulator models coefficients
for a correction function to determine the coefficients. In
determining the coeflicients, light intensities Lszyy, 4. on the
SEM edges at two different amounts of exposure d,=290
J/m? and d,=300 J/m? are used. Although the light intensities
Lszrseage at two different amounts of exposure are used in this
Example, more than two amounts of exposure may be used.
Also, the simulator determines the coeflicients using
U sersedage) sserteage—1=0 and a quartic equation which uses
a polynomial having a,=0. The results of the coefficient
values are a,=11.5, a,=-155.3, a;=1197.6, a,=-1053.8, and
a=18.6. FIG. 14 shows the relationship between the correc-
tion function f{Jgzrrese.) and the representative light inten-
Sity Jsgaseqge When these results of the coefficient values are
used.

FIGS. 15A to 15D show the results of the light intensity
before correction, the representative light intensity, the cor-
rection function, and the light intensity after correction, for
each of line-and-space patterns which are obtained when the
line size is fixed at 80 nm and the space size is changed. All
these graphs show the changed space size on the abscissa. As
can be seen from FIGS. 15A to 15D, the use of the correction
function f(Jszz.4e.) having the representative light intensity
as a variable makes the variation in light intensity smaller in
the light intensity Igzy,. 4. after correction than in the light
intensity 105z, before correction. As described above,
modeling which takes into consideration the information of
the magnitude of the intensity of exposure light is performed
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using a representative light intensity. Further, to perform
modeling which takes into consideration the influence of a
flare, not only the distribution of the representative light
intensity, but also the function describing a light intensity
distribution obtained by convoluting a light intensity distri-
bution, obtained by reticle projection, using a larger diffu-
sion length need only be included into the correction func-
tion. The light intensity distribution K obtained by
convolution using the larger diffusion length physically
represents the duty (the ratio of white to black; Space/Line)
of the pattern. FIG. 16 illustrates an example of this light
intensity distribution. FIG. 16 is a graph showing the rela-
tionship between the light intensity Kgzpzey,. on the SEM
edges and the duty in a line-and-space pattern obtained by
convolution using a diffusion length of 300 nm that is greatly
larger than the diffusion length (19.3 nm) determined in step
S309. As can be seen from FIG. 16, the light intensity
Kserseage 00 the SEM edges and the duty have a given
correlation. Therefore, the simultaneous use of the repre-
sentative light intensity Jsgaz... and the light intensity
K sgaseage Calculated using a relatively large diffusion length
allows modeling which reflects the magnitude of the inten-
sity of exposure light and the duty.

The modeling result is applied next. This operation will be
described with reference to a flowchart shown in FIG. 10. In
step S401, reticle patterns to which modeling is to be applied
are set. In this Example, a total of 38 types of reticle patterns
set in step S301 are used. In step S402, the simulator
calculates the light intensity distribution of an optical image
formed on the wafer, for each of the reticle patterns set in
step S401. In step S403, the simulator convolutes the light
intensity distributions of the optical images using the diffu-
sion length determined in step S309. The diffusion length in
this Example is 19.3 nm. In step S404, the simulator
calculates the distribution of the representative light inten-
sity from the light intensity distributions of the optical
images calculated in step S402. In step S405, the simulator
creates a light intensity distribution after correction for each
of the reticle patterns set in step S401, based on the
coeflicients of the correction function determined in step
S314 of the flowchart shown in FIG. 4. FIGS. 17A to 17C
exemplify cases in which relations presented in equations
(1) and (2) are applied on an evaluation line for the reference
pattern, in which FIG. 17A is a graph showing the light
intensity distribution before correction, FIG. 17B is a graph
showing the distribution of the representative light intensity
J, and FIG. 17C is a graph showing a comparison between
the light intensity distributions before and after correction.
FIG. 17C reveals that the light intensity distribution after
correction has a minimum level higher than that of the light
intensity distribution before correction, so the light intensity
distribution before correction can be corrected without sig-
nificantly changing its shape.

In step S406, the simulator sets a slice level for the light
intensity distribution after correction obtained in step S405.
In this Example, the slice level is set to an intensity which
matches the actual size of the central bar in the reference
pattern. In step S407, the simulator calculates the CDs of the
patterns set in step S401, based on the slice level determined
in step S406, thereby calculating a resist pattern. FIG. 18 is
a graph showing the calculation accuracies of resist patterns
in the prior art technique described in Japanese Patent
Laid-Open No. 08-148404 and this Example. FIG. 18 shows
the shift (positive or negative shift) of the calculated value
of the resist pattern with respect to an actual measurement
value obtained by an SEM on the ordinate, and the size of
the reticle pattern used in modeling on the abscissa (unit:
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nm). The definition of patterns A, B, and C, and the sizes of
lines, spaces, and gaps in FIG. 18 correspond to that in FIG.
11. FIG. 18 reveals that the errors of most of the calculated
resist patterns are smaller in this Embodiment than in the
prior art technique. The fact that the RMS value of the errors
of these resist patterns is 8.08 nm in the prior art but is 2.63
nm in this Example also reveals that the resist patterns can
be calculated with higher accuracy in this Example.

Although a resist pattern is calculated with no concern for
the influence of, for example, aberrations produced by the
projection optical system in this Example, it can also be
calculated by taking into account the influence of, for
example, aberrations produced by the projection optical
system because the same mode as in this Example is
practicable. Also, this Example can be used in combination
with an operation for optimizing the exposure conditions
such as the effective light source. Aspects of the present
invention can also be realized by a computer of a system or
apparatus (or devices such as a CPU or MPU) that reads out
and executes a program recorded on a memory device to
perform  the functions of the above-described
embodiment(s), and by a method, the steps of which are
performed by a computer of a system or apparatus by, for
example, reading out and executing a program recorded on
a memory device to perform the functions of the above-
described embodiment(s). For this purpose, the program is
provided to the computer for example via a network or from
a recording medium of various types serving as the memory
device (for example, computer-readable medium). In such a
case, the system or apparatus, and the recording medium
where the program is stored, are included as being within the
scope of the present invention.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2010-234914 filed Oct. 19, 2010, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A non-transitory computer-readable medium storing a
program for causing a computer to execute a calculation
method of calculating a resist pattern formed on a substrate
by a resist-pattern forming method, the resist pattern being
used for fabricating a device, the calculation method includ-
ing:

a first step of calculating a light intensity distribution of an
optical image formed on the resist, based on a pattern
of a reticle and an exposure condition;

a second step of convoluting, using a first diffusion length
representing diffusion in the resist, the light intensity
distribution calculated in the first step;

a third step of calculating a representative light intensity
for each of a plurality of points within a plane of the
resist, that is representative of light intensities in a
region which has a predetermined size and includes
each of the plurality of points, using the light intensity
distribution calculated in the first step or the light
intensity distribution convoluted in the second step;

a fourth step of correcting the light intensity distribution
convoluted in the second step by adding, to the light
intensity distribution convoluted in the second step, a
correction function including a first function given by:
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{Z (aka)}exp(—aJ),

k=0

where J is the distribution of the representative light
intensity, a, and a are constants, and n is a natural
number; and

a fifth step of calculating the resist pattern based on the
light intensity distribution corrected in the fourth step,
and a slice level set in advance,

wherein the resist-pattern forming method comprises the
steps of:

exposing the resist on a substrate to light via the pattern
of the reticle and a projection optical system using the
light intensity distribution corrected in the fourth step;
and

developing the exposed resist on the substrate.

2. The medium according to claim 1, wherein:

the region is one of a circular region having a radius of 17
nm (inclusive) to 1 um (inclusive) and the point as a
center thereof, or a square region that is 34 nm (inclu-
sive) to 2 um (inclusive) on each side, and

the representative light intensity is one of a minimum
value, a maximum value, or an average of the light
intensities in the region.

3. The medium according to claim 1, further comprising:

a sixth step of convoluting the light intensity distribution,
calculated in the first step, using a second diffusion
length larger than the first diffusion length,

wherein the correction function includes not only the first
function but also a second function given by:

{Z (blK’)}eXP(—ﬁK),

=0

where K is the light intensity distribution convoluted in
the sixth step, b, and f§ are constants, and m is a
natural number.

4. The medium according to claim 3, wherein the first
diffusion length is not more than 50 nm, and the second
diffusion length is 50 nm (inclusive) to 200 pum (inclusive).

5. The medium according to claim 3, wherein the con-
stants a, b, o, and f are set so that a value of an evaluation
function including sensitivity of the light intensity distribu-
tion corrected by the correction function to the pattern of the
reticle, and sensitivity of the light intensity distribution
corrected by the correction function to an amount of expo-
sure, falls within a tolerance.

6. The medium according to claim 3, wherein the con-
stants a,, b, ., and [ are set so that a value of an evaluation
function expressed as a root-mean-square value of a differ-
ence between a line width of the resist pattern calculated
from the light intensity distribution corrected by the correc-
tion function, and a line width of the resist pattern obtained
by exposure processing, falls within a tolerance.

7. A calculation method of calculating, using a computer,
a resist pattern formed on a substrate by a resist-pattern
forming method, the resist pattern being used for fabricating
a device, the calculation method comprising:

a first step of calculating a light intensity distribution of an
optical image formed on the resist, based on a pattern
of a reticle and an exposure condition;

a second step of convoluting, using a first diffusion length
representing diffusion in the resist, the light intensity
distribution calculated in the first step;
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a third step of calculating a representative light intensity
for each of a plurality of points within a plane of the
resist, that is representative of light intensities in a
region which has a predetermined size and includes
each of the plurality of points, using the light intensity
distribution calculated in the first step or the light
intensity distribution convoluted in the second step;

a fourth step of correcting the light intensity distribution
convoluted in the second step by adding, to the light
intensity distribution convoluted in the second step, a
correction function including a first function given by:

{Z (a Jk)}exp(—w),

k=0

where J is the distribution of the representative light
intensity, a, and o are constants, and n is a natural
number; and
a fifth step of calculating the resist pattern based on the
light intensity distribution corrected in the fourth step,
and a slice level set in advance,
wherein the resist-pattern forming method comprises the
steps of:
exposing the resist on a substrate to light via the pattern
of the reticle and a projection optical system using the
light intensity distribution corrected in the fourth step;
and
developing the exposed resist on the substrate.
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